1 



10/562461 

l^15Bec'dPCT/PTQ 2 7 DEC 2005 



DESCRIPTION 



REFRIGERATION APPARATUS 



5 TECHNICAL FIELD 

[0001] The present invention relates to refrigeration apparatuses and more specifically 
to a refrigeration apparatus provided with a refrigerant circuit having a plurality of 
refrigeremt circulating routes and capable of operation in a mode where the plurality of 
refrigerant circulating routes differ in refrigerant evaporation temperature and/or 
1 0 refrigerant condensation temperature. 



prior art. Such a type of refrigeration apparatus has been used widely as an air 
15 conditioner for providing room cooling/heating and a cooling machine such as a 
refrigerator, freezer or showcase for the storage of foods. Some refrigeration apparatuses 
provide both room cooling and refrigerator's storage space cooling (for example, see 
Japanese Patent Application Kokai Publication No. 2002-349980). This type of 
refrigeration apparatus is generally installed in convenience stores. 
20 [0003] With reference to Figure 11 showing a refrigerant circuit (100) of the above- 
described refrigeration apparatus, discharge pipes of two compressors (101, 102) join and 
their junction is linked to a single high-pressure gas pipe (103). The high-pressure gas 
pipe (103) is linked to one end of an outdoor heat exchanger (104). The other end of the 
outdoor heat exchanger (104) is branch-connected, through a liquid pipe (107), to one end 
25 of an air-conditioning heat exchanger (105) for room air-conditioning and to one end of a 
cooling heat exchanger (106) for refrigerator's storage space cooling. Branch pipes (108, 
109) of the liquid pipe are provided with expansion valves (110, 111), respectively. And, 



BACKGROUND ART 



[0002] 



Refrigeration apparatuses which perform refrigeration cycles are known in the 
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the other end of the air-conditioning heat exchanger (105) is connected, through a first low- 
pressure gas pipe (112), to the suction side of the first compressor (101). The other end of 
the cooling heat exchanger (106) is connected, through a second low-pressure gas pile 
(113), to the suction side of the second compressor (102). By virtue of the above- 
5 described arrangement, the temperature at which refrigerant evaporates in the air- 
conditioning heat exchanger (105) differs from the temperature at which refrigerant 
evaporates in the cooling heat exchanger (106). 

[0004] PROBLEMS THAT INVENTION INTENDS TO SOLVE 

In the above-described conventional refrigeration apparatus, however, each 
10 refrigerant circulating route requires a respective compressor, in other words the provision 
of the compressors (101, 102) is required. Consequently, the installation of the 
compressors (101, 102) requires a large space. Another problem is that the provision of 
the two compressors (101, 102) increases costs in comparison with the provision of a 
single compressor. 

1 5 [0005] With the above-described problems in mind, the present invention was made. 
Accordingly, an object of the present invention is to accomplish installation space 
reduction and cost reduction by enabling a single compressor to activate a refrigeration 
apparatus provided v/ith a refrigerant circuit having a plurality of refrigerant circulating 
routes and capable of operation in a mode where the plurality of refrigerant circulating 

20 routes differ in refrigerant evaporation temperature and/or refrigerant condensation 
temperature. 

DISCLOSURE OF INVENTION 

[0006] In the present invention, a compressor with two compression mechanisms (31, 
32) contained in a single casing (11) is used in a refrigerant circuit (90) having a plurality 
25 of refrigerant circulating routes. 

[0007] More specifically, the present invention is directed to a refrigeration apparatus 
provided with a refrigerant circuit (90) having a plurality of refrigerant circulating routes 
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and capable of operation in a mode where the pluraHty of refrigerant circulating routes 
differ in at least one of refrigerant evaporation temperature and refrigerant condensation 
temperature. 

[0008] A first invention is characterized in that a compressor (10) of the refrigerant 
5 circuit (90) comprises a single casing (11) in which a first compression mechanism (31) 
linked to a first refrigerant circulating route and a second compression mechanism (32) 
linked to a second refrigerant circulating route are arranged. 

[0009] In the first invention, refrigerant discharged from the first compression 
mechanism (31) circulates through the first refrigerant circulating route of the refrigerant 
1 0 circuit (90) while, on the other hand, refrigerant discharged from the second compression 
mechanism (32) circulates through the second refrigerant circulating route of the 
refrigerant circuit (90). 

[0010] The second invention is characterized in that in the refrigeration apparatus of 
the first invention the first and second compression mechanisms (31, 32) differ from each 

1 5 other in compression ratio. 

[0011] In the second invention, refrigerant discharged from the first compression 
mechanism (31) circulates through the first refrigerant circulating route of the refrigerant 
circuit (90) while, on the other hand, refrigerant discharged from the second compression 
mechanism (32) circulates through the second refrigerant circulating route of the 

20 refrigerant circuit (90). Since the first compression mechanism (31) and the second 
compression mechanism (32) differ from each other in compression ratio, this makes it 
possible to provide to each refrigerant circulating route a supply of refrigerant at a 
respective suitable pressure. 

[0012] A third invention is characterized in that in the refrigeration apparatus of the 
25 first invention the first and second compression mechanisms (31, 32) differ from each 
other in displacement volume. 

[0013] In the third invention, refrigerant discharged from the first compression 
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mechanism (31) circulates through the first refrigerant circulating route of the refrigerant 
circuit (90) while, on the other hand, refrigerant discharged from the second compression 
mechanism (32) circulates through the second refrigerant circulating route of the 
refrigerant circuit (90). Since the first compression mechanism (31) and the second 
5 compression mechanism (32) differ from each other in displacement volume, this makes it 
possible to provide to each refrigerant circulating route a supply of refrigerant at a 
respective suitable circulation amount. 

[0014] A fourth invention is characterized in that in the refrigeration apparatus of any 
one of the first to third inventions the first and second compression mechanisms (31, 32) 

10 are scroll compression mechanisms; an orbiting scroll (50) integrated by sequentially 
layering a first flat-plate part (51), a first movable-side wrap (53), a second flat-plate part 
(52) and a second movable-side wrap (54), and a fixed scroll (40) having a first stationary- 
side wrap (42) which engages the first movable-side wrap (53) and a second stationary- 
side wrap (47) which engages the second movable-side wrap (54) are provided; the first 

15 stationary-side wrap (42) and the first movable-side wrap (53) together form the first 
compression mechanism (31); and the second stationary-side wrap (47) and the second 
movable-side wrap (54) together form the second compression mechanism (32). 
[0015] In the fourth invention, the refrigerant circuit (90), having the two refi-igerant 
circulating routes and capable of operation in a mode where the two refrigerant circulating 

20 routes differ in refrigerant evaporation temperature and/or refrigerant condensation 
temperature, is activated by the single compressor formed by the two-tiered compression 
mechanisms (31, 32) wherein the first compression mechanism (31) comprises the first 
stationary-side wrap (42) and the first movable-side wrap (53) while, on the other hand, the 
second compression mechanism (32) comprises the second stationary-side wrap (47) and 

25 the second movable-side wrap (54), 

[0016] A fifth invention is characterized in that in the refrigeration apparatus of any 
one of the first to third inventions the first and second compression mechanisms (31, 32) 
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are scroll compression mechanisms; an orbiting scroll (50) having a first movable-side 
wrap (53) formed in standing manner on one surface of a flat-plate part (55) and a second 
movable-side wrap (54) formed in standing manner on the other surface of the flat-plate 
part (55), and a fixed scroll (40) having a first stationary-side wrap (42) which engages the 
5 first movable-side wrap (53) and a second stationary-side v^ap (47) which engages the 
second movable-side wrap (54) are provided; the first stationary-side wrap (42) and the 
first movable-side wrap (53) together form the first compression mechanism (31); and the 
second stationary-side wrap (47) and the second movable-side wrap (54) together form the 
second compression mechanism (32). 

10 [0017] In the fifth invention, the refrigerant circuit (90), having the two refrigerant 
circulating routes and capable of operation in a mode where the two refrigerant circulating 
routes differ in refrigerant evaporation temperature and/or refrigerant condensation 
temperature, is activated by the single compressor having the first compression mechanism 
(31) and the second compression mechanism (32) which are disposed opposite to each 

1 5 other with the flat-plate part (55) of the orbiting scroll (50) lying therebetween. 
[0018] EFFECTS 

In accordance with the first invention, the scroll compressor (10) of the 
refrigerant circuit (90) has, in the single casing (11), the first compression mechanism (31) 
linked to the first refrigerant circulating route and the second compression mechanism (32) 

20 linked to the second refrigerant circulating route. In other words, the provision of a single 
compressor (i.e., the scroll compressor (10)) makes it possible to accomplish install-space 
savings and apparatus cost reduction. 

[0019] If each refrigerant circulating route is provided with a respective compressor, 
this increases the number of points requiring welding and brazing. Consequently, 
25 refrigerant leakage due to aged deterioration and vibrations of the apparatus may occur, 
thereby making the apparatus less efficient and producing factors causing global warming. 
The present invention makes these problems avoidable because it employs only onie 
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compressor (i.e., the scroll compressor (10)). 

[0020] In accordance with the second invention, the first compression mechanism (31) 
and the second compression mechanism (32) differ from each other in compression ratio, 
thereby making it possible to perform, at the ratio of the condensation pressure and the 
5 evaporation pressure of each refrigerant circulating route (i.e., at the pressure ratio), 
efficient compression without losses such as over-compression and compression 
insufficiency in the refrigerant circuit (90). 

[0021] In accordance with the third invention, the first compression mechanism (31) 
and the second compression mechanism (32) differ from each other in displacement 

1 0 volume, thereby making it possible to provide to each refrigerant circulating route of the 
refrigerant circuit (90) a supply of refrigerant at a respective suitable circulation amount. 
[0022] In accordance v^th the fourth invention, it employs a compressor formed by the 
two-tiered compression mechanisms (31, 32) of the scroll type, thereby making it possible 
to achieve considerable downsizing of the apparatus. Furthermore, it is possible to form 

15 the first compression mechanism (31) and the second compression mechanism (32) by 
using two stationary-side wraps and two movable-side wraps of a conventional scroll 
compressor provided with a single compression mechanism. This makes it possible to 
achieve a share of component parts with the conventional scroll compressor, thereby 
achieving cost-cutting. 

20 [0023] In accordance with the fifth invention, it employs the orbiting scroll (50) 
having the first movable-side wrap (53) formed in a standing manner on one surface of the 
flat-plate part (55) and the second movable-side wrap (54) formed in a standing manner on 
the other surface of the flat-plate part (55), thereby making it possible to reduce the number 
of component parts and to achieve cost-cutting. 

25 

BRIEF DESCRIPTION OF DRAWINGS 

[0024] Figure 1 is a schematic cross sectional view showing the arrangement of a 
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scroll compressor in a first embodiment of the present invention; 

Figure 2 is an enlarged cross sectional view showing the main part of the 
scroll compressor of Figure 1; 

Figure 3 is a cross sectional view showing a first stationary-side member of a 

5 fixed scroll; 

Figure 4 is a cross sectional view showing an orbiting scroll; 
Figure 5 is a top plan view showing the first stationary-side member and the 
orbiting scroll; 

Figure 6 is a diagram showing the arrangement of a refrigerant circuit 
1 0 employing the scroll compressor of Figure 1 ; 

Figure 7 is a diagram showing the arrangement of a refrigerant circuit of a 
second embodiment of the present invention; 

Figure 8 is a diagram showing the arrangement of a refrigerant circuit 
according to a first variation of the second embodiment; 
15 Figure 9 is a diagram showing the arrangement of a refrigerant circuit 

according to a second variation of the second embodiment; 

Figure 10 is a partial cross sectional view of a scroll compressor of a third 
embodiment of the present invention; and 

Figure 11 is a refrigerant circuit diagram of a conventional refrigeration 

20 apparatus. 

BEST MODE FOR CARRYING OUT INVENTION 

[0025] Hereinafter, preferred embodiments of the present invention are described with 
reference to the drawings. Each of the following embodiments relates to a refrigeration 
25 apparatus provided with a refrigerant circuit whose compression mechanism is formed by a 
scroll compressor. 

[0026] FIRST EMBODIMENT OF INVENTION 
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A first embodiment of the present invention is now described, starting with its 
scroll compressor. 

[0027] As shown in Figure 1, the scroll compressor (10) has a casing (11) shaped like 
an oblong, cylindrical, hermetically-sealed container. Sequentially arranged from top to 
5 bottom in the inside of the casing (11) are a main mechanism (30), an electric motor (16), 
and a lower bearing (19). In addition, a drive shaft (20) vertically extending in the inside 
of the casing (11) is mounted as a rotating shaft. 

[0028] The inside of the casing (11) is separated into up and down by a housing (33) of 
the main mechanism (30). More specifically, in the inside of the casing (11), the space 

10 defined above the housing (33) serves as a low-pressure chamber (12) while, on the other 
hand, the space defined below the housing (33) serves as a high-pressure chamber (13). 
[0029] The high-pressure chamber (13) contains the electric motor (16) and the lower 
bearing (19). The electric motor (16) has a stator (17) and a rotor (18). The stator (17) 
is firmly attached to a part of the main body of the casing (11), On the other hand, the 

15 rotator (18) is firmly attached to a vertically central part of the drive shaft (20). The 
lower bearing (19) is firmly attached to a part of the main body of the casing (11). The 
lower bearing (19) rotatably supports the lower end of the drive shaft (20). 
[0030] The casing (11) has a tube-like discharge port (74) which is a first discharge 
port. One end of the first discharge port (74) opens to a space at a level above the electric 

20 motor (16) in the high-pressure chamber (13). 

[0031] A main bearing (34) is formed in the housing (33) of the main mechanism (30), 
such that it vertically passes through the housing (33). The drive shaft (20) is inserted 
through the main bearing (34). The drive shaft (20) is rotatably supported by the main 
bearing (34). An upper end portion of the drive shaft (20) projecting above the level of 

25 the housing (33) forms an eccentric part (21). The eccentric part (21) is eccentric relative 
to the central axis of the drive shaft (20). 

[0032] Attached to a part of the drive shaft (20) situated between the housing (33) and 
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the stator (17) is a balance weight (25). An oil feeding path (not shown) is formed in the 
drive shaft (20). Refrigeration oil collected on the bottom of the housing (33) is pumped 
up from the lower end of the drive shaft (20) by action of an oil feeding pump disposed at 
the lower end of the drive shaft (20). Then, the pumped-up refrigeration oil is supplied, 
5 through the oil feeding path, to each section. Furthermore, a discharge path (22) is 
formed in the drive shaft (20). The discharge path (22) will be described later. 
[0033] As shown in Figure 2, the low-pressure chamber (12) contains stationary and 
orbiting scrolls (40, 50) of the main mechanism (30). In the main mechanism (30), a first 
compression mechanism (31) and a second compression mechanism (32) are formed. 

1 0 The low-pressure chamber (12) further contains an Oldham ring (39). 

[0034] The fixed scroll (40) is made up of a first stationary-side member (41) and a 
second stationary-side member (46). The first and second stationary-side members (41, 
46) together forming the fixed scroll (40) are firmly attached to the housing (33). 
[0035] As also shown in Figure 3, the first stationary-side member (41) has a first 

1 5 stationary-side wrap (42) and a first outer peripheral part (43). Figure 3 is an illustration 
showing only the first stationary-side member (41) in a cross section taken along the line 
A- A of Figure 2. 

[0036] The first stationary-side wrap (42) is shaped like a spiral wall the height of 
which is constant. On the other hand, the first outer peripheral part (43) is shaped like a 
20 thick ring encompassing the first stationary-side wrap (42). The first outer peripheral part 

(43) is formed integrally with the first stationary-side wrap (42). In other words, in the 
first stationary-side member (41), the first stationary-side wrap (42) projects from the inner 
peripheral surface of the first outer peripheral part (43). In addition, three insertion holes 

(44) and three bolt holes (45) are formed through the first outer peripheral part (43). The 
25 first stationary-side member (41) is firmly fastened, by bolts slid into the bolt holes (45), to 

the housing (33). 

[0037] One end of a tube-like suction port (73) which is a first suction port is inserted 
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into the first stationary-side member (41) (see Figure 2). The first suction port (73) is 
provided, such that it passes through an upper end portion of the casing (11). A suction 
check valve (35) is mounted at the bottom of the first suction port (73) in the first 
stationary-side member (41). The suction check valve (35) is made up of a valve body 
5 (36) and a coil spring (37). The valve body (36) is shaped like a cap. The valve body 
(36) is disposed, such that it closes the lov/er end of the first suction port (73). In addition, 
the valve body (36) is pressed against the lower end of the first suction port (73) by the coil 
spring (37). 

[0038] As shown in Figure 2, the second stationary-side member (46) has a second 
1 0 stationary-side wrap (47), a second outer peripheral part (48), and a third flat-plate part 
(49). The second stationary-side member (46), when viewed as a whole, is shaped like a 
disc smaller in diameter and thickness than the first stationary-side member (41). The 
third flat-plate part (49) is shaped like a disc and is disposed at the upper side of the second 
stationary-side member (46). The second outer peripheral part (48) is formed integrally 
1 5 with the third flat-plate part (49) and extends downwardly firom the third flat-plate part (49). 
The second outer peripheral part (48) is shaped like a thick ring having the same outer 
diameter as that of the third flat-plate part (49). 

[0039] In the second stationary-side member (46), the second stationary-side wrap 
(47) is disposed inside the second outer peripheral part (48). The second stationary-side 

20 wrap (47) is formed integrally with the third flat-plate part (49). The second stationary- 
side wrap (47) is shaped like a spiral wall the height of which is shorter than that of the 
first stationary-side wrap (42). The second stationary-side wrap (47) extends downwardly 
from the lower surface of the third flat-plate part (49). In addition, the spiral direction of 
the second stationary-side wrap (47) is the same as that of the first stationary-side wrap 

25 (42). Stated another way, both the first stationary-side wrap (42) and the second 
stationary-side wrap (47) are shaped like a right-handed spiral wall (see Figure 3). 
[0040] One end of a tube-like suction port (76) which is a second suction port is 
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inserted into the second stationary-side member (46). The second suction port (76) is 
formed, such that it passes through an upper end part of the casing (11). In addition, 
centrally formed in the third flat-plate part (49) of the second stationary-side member (46) 
is a discharge opening (66) which is a second discharge opening. The second discharge 
5 opening (66) is formed, such that it passes through the third flat-plate part (49). One end 
of a tube-like discharge port (75) which is a second discharge port is inserted into the 
second discharge opening (66). The second discharge port (75) is formed, such that it 
passes through an upper end part of the casing (11). 

[0041] The orbiting scroll (50) has a first flat-plate part (51), a first movable-side wrap 

10 (53), a second flat-plate part (52), a second movable-side wrap (54), and support rod 
members (61) by which the first flat-plate part (51), the first movable-side wrap (53), the 
second flat-plate part (52), and the second movable-side wrap (54) are sequentially 
integrally layered one upon the other. The first movable-side wrap (53) is formed 
integrally with the first flat-plate part (51). On the other hand, the second movable-side 

15 wrap (54) is formed integrally with the second flat-plate part (52). In the orbiting scroll 
(50), the three support rod members (61) are mounted, in a standing manner, on the upper 
surface of the first flat-plate part (51) foniied integrally with the first movable-side wrap 
(53), and the second flat-plate part (52) formed integrally with the second movable-side 
wrap (54) is placed on the support rod members (61). And, in the orbiting scroll (50), the 

20 first flat-plate part (51), the support rod members (61), and the second flat-plate part (52) 
which are placed one upon the other are fastened together by bolts (62). 
[0042] The first flat-plate part (51) and the first movable-side wrap (53) are described 
by making reference to Figures 2, 4, and 5. Figure 4 is an illustration showing only the 
orbiting scroll (50) in a cross section taken along the line A-A of Figure 2. And, Figure 5 

25 is an illustration showing the first stationary-side member (41) and the orbiting scroll (50) 
in a cross section taken along the line A-A of Figure 2. 

[0043] As shown in Figure 4, the first flat-plate part (51) is shaped like a generally 
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circular flat-plate. The front surface (upper surface in Figure 2) of the first flat-plate part 
(51) is in sliding contact with the lower end surface of the first stationary-side wrap (42). 
The first flat-plate part (51) has three radially projecting projections. The three support 
rod members (61) are mounted, in a standing manner, on the three projections, respectively. 
5 Each support rod member (61) is a somewhat thick, tube-like member and is formed as a 
separate body from the first flat-plate part (51). 

[0044] The first movable-side wrap (53) is shaped like a spiral wall the height of 
which is constant. The first movable-side vsorap (53) is mounted, in a standing manner, on 
the front surface side (upper surface side in Figure 2) of the first flat surface part. The 
10 first movable-side wrap (53) engages the first stationary-side wrap (42) of the first 
stationary-side member (41) (see Figure 5). And, the side surface of the first movable- 
side wrap (53) is in sliding contact with the side surface of the first stationary-side v^ap 
(42). 

[0045] As shown in Figure 2, the second flat-plate part (52) is shaped like a flat plate 
1 5 approximately identical in shape with the first flat-plate part (51). The rear surface (lower 
surface in Figure 2) of the second flat-plate part (52) is in sliding contact with the upper 
end surface of the first stationary-side v^ap (42) while, on the other hand, the front surface 
(upper surface in Figure 2) thereof is in sliding contact with the lower end surface of the 
second stationary-side wrap (47). 
20 [0046] The second movable-side wrap (54) is mounted, in a standing manner, on the 
front surface side (upper surface side in Figure 2) of the second flat-plate part (52). The 
spiral direction of the second movable-side wrap (54) is the same as the spiral direction of 
the first movable-side wrap (53). In other words, the first movable-side wi*ap (53) and the 
second movable-side wrap (54) are each shaped like a right-handed spiral wall (see Figure 
25 4). 

[0047] In the main mechanism (30), the first stationary-side wi'ap (42), the first 
movable-side wrap (53), the first flat-plate part (51), and the second flat-plate part (52) 
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together form a first compression chamber (71). And, the first flat-plate part (51), the 
second flat-plate part (52) and the first movable-side wrap (53) in the orbiting scroll (50), 
and the first stationary-side member (41) in the fixed scroll (40) having the first stationary- 
side wrap (42) together form the first compression mechanism (31). 
5 [0048] In addition, in the main mechanism (30), the second stationary-side wrap (47), 
the second movable-side wrap (54), the second flat-plate part (52), and the third flat-plate 
part (49) together form a second compression chamber (72). And, the second flat-plate 
part (52) and the second movable-side wrap (54) in the orbiting scroll (50), and the second 
stationary-side member (46) in the fixed scroll (40) having the third flat-plate part (49) and 
10 the second stationary-side wrap (47) together form the second compression mechanism 
(32). 

[0049] Additionally, in the main mechanism (30), the compression ratio in the second 
compression mechanism (32) is higher than the compression ratio in the first compression 
mechanism (31). In other words, the ratio of maximum to minimum volume in the 

1 5 second compression chamber (72) is set higher than the ratio of maximum to minimum 
volume in the first compression chamber (71). Here, the compression ratio in the second 
compression mechanism (32) is set greater than the compression ratio in the first 
compression mechanism (31). Alternatively, the compression ratio in the second 
compression mechanism (32) may be set smaller than the compression ratio in the first 

20 compression mechanism (31), or the compression mechanisms (31, 32) may have the same 
compression ratio, depending on the use conditions of the scroll compressor (10). 
[0050] Furthermore, in the main mechanism (30), the displacement volume in the second 
compression mechanism (32) is smaller than the displacement volume in the first 
compression mechanism (31). Alternatively, the displacement volume in the second 

25 compression mechanism (32) may be set greater than the displacement volume in the first 
compression mechanism (31), or the compression mechanisms (31, 32) may have the same 
displacement volume, depending on the use conditions of the scroll compressor (10). 
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[0051] Centrally formed in the first flat-plate part (51) of the orbiting scroll (50) is a 
discharge opening (63) which is a first discharge opening. The first discharge opening 
(63) passes through the first flat-plate part (51). In addition, a bearing part (64) is formed 
in the first flat-plate part (51). The bearing part (64) is formed into an approximately 
5 cylindrical shape. The bearing part (64) is formed, in a projecting manner, on the rear 
surface side (lower surface side in Figure 2) of the first flat-plate part (51). Furthermore, 
a collar part (65) shaped like a collar is formed at the lower end of the bearing part (64). 
[0052] A seal ring (38) is mounted between the lower surface of the collar part (65) of 
the bearing part (64) and the housing (33). A supply of high-pressure refrigeration oil is 
1 0 provided, through the oil feeding path of the drive shaft (20), to the inside of the seal ring 

(38) . When high-pressure refrigeration oil is fed to the inside of the seal ring (38), oil 
pressure acts on the bottom surface of the collar part (65), thereby pushing the orbiting 
scroll (50) upwardly. 

[0053] The eccentric part (21) of the drive shaft (20) is inserted into the bearing part 
1 5 (64) of the first flat-plate part (51). The entrance end of the discharge path (22) opens at 
the upper end surface of the eccentric part (21). The discharge path (22) is formed, such 
that its portion in the vicinity of the entrance end is slightly greater in diameter, and a 
tubular seal (23) and a coil spring (24) are mounted in the discharge path (22). The 
tubular seal (23) is shaped like a pipe whose inside diameter is slightly greater than the 
20 diameter of the first discharge opening (63). The tubular seal (23) is pressed against the 
rear surface of the first flat-plate part (51) by the coil spring (24). In addition, the exit end 
of the discharge path (22) opens at a portion of the side surface of the drive shaft (20) 
situated between the stator (17) and the lower bearing (19) (see Figure 1). 
[0054] An Oldham ring (39) is inserted between the first flat-plate part (51) and the 
25 housing (33). The Oldham ring (39) has a pair of keys which engage the first flat-plate 
part (51) and another pair of keys which engage the housing (33). And, the Oldham ring 

(39) forms a mechanism for preventing the orbiting scroll (50) from rotating. 
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[0055] As shown in Figure 6, the scroll compressor (10) of the present embodiment is 
disposed in a refrigerant circuit (90) of the refrigeration apparatus. In the refrigerant 
circuit (90), refrigerant is circulated and as a result a vapor compression refrigeration cycle 
is performed. 

5 [0056] The refrigerant circuit (90) is provided with two condensers (91, 94) and two 
expansion valves (92, 95). In the refrigerant circuit (90), the refrigerant condensation 
temperature in the second condenser (94) is set higher than the refrigerant condensation 
temperature in the first condenser (91). 

[0057] In the refrigerant circuit (90), one end of the first condenser (91) is linked to the 
1 0 first discharge port (74) of the scroll compressor (10) and the other end thereof is linked to 
one end of the first expansion valve (92). On the other hand, one end of the second 
condenser (94) is linked to the second discharge port (75) of the scroll compressor (10) and 
the other end thereof is linked to one end of the second expansion valve (95). The other 
ends of the first and second expansion valves (92, 95) join and their junction is in 
1 5 connection with one end of an evaporator (93). The other end of the evaporator (93) is 
divided into branches one of which is linked to the first suction port (73) of the scroll 
compressor (10) and the other of which is linked to the second suction port (76) of the 
scroll compressor (10). 
[0058] RUNNING OPERATION 
20 In the scroll compressor (10), rotational power generated by the electric motor 

(16) is transferred to the orbiting scroll (50) by the drive shaft (20). The orbiting scroll 
(50) which engages the eccentric part (21) of the drive shaft (20) is guided by the Oldham 
ring (39) and moves in an orbital path without rotation. 

[0059] With the orbital motion of the orbiting scroll (50), low-pressure refrigerant 
25 evaporated in the evaporator (93) is drawn into the first suction port (73) and the second 
suction port (76). The low-pressure refrigerant flows into the first compression chamber 
(71) and the second compression chamber (72). As the first movable-side wrap (53) of 
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the orbiting scroll (50) moves, the volume of the first compression chamber (71) decreases 
and as a result the refrigerant in the first compression chamber (71) is compressed while, 
on the other hand, as the second movable-side wrap (54) moves, the volume of the second 
compression chamber (72) decreases and as a result the refrigerant in the second 
5 compression chamber (72) is compressed. 

[0060] The refrigerant compressed in the first compression chamber (71) flows, 
through the discharge opening (63), into the discharge path (22). Thereafter, the high- 
pressure refrigerant leaves the discharge path (22) and flows into the high-pressure 
chamber (13). Then, the high-pressure refrigerant passes through the first discharge port 
10 (74), and is discharged out of the casing (11). Meanwhile, the refrigerant compressed in 
the second compression chamber (72) passes through the second discharge port (75), and is 
discharged out of the casing (11). 

[0061] In the way as described above, in the scroll compressor (10), refrigerant 
compressed by the first compression mechanism (31) is discharged through the first 

15 discharge port (74) while on the other hand refrigerant compressed by the second 
compression mechanism (32) is discharged through the second discharge port (75). The 
pressure of the refrigerant discharged through the second discharge port (75) is higher than 
the pressure of the refrigerant discharged through the first discharge port (74). The 
refrigerant discharged through the first discharge port (74) condenses in the first condenser 

20 (91) and thereafter is pressure-reduced by the first expansion valve (92). On the other 
hand, the refrigerant discharged through the second discharge port (75) condenses in the 
second condenser (94) and thereafter is pressure-reduced by the second expansion valve 
(95). 

[0062] The refrigerant pressure-reduced by tlie first expansion valve (92) and the 
25 refrigerant pressure-reduced by the second expansion valve (95) flow into each other. 
Thereafter, the merged refrigerant is introduced into the evaporator (93). In the 
evaporator (93), the refrigerant evaporates, and thereafter the flow of the refrigerant is 
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divided into two branch flows. One of the two refrigerant branch flows is drawn, through 
the first suction port (73), into the first compression chamber (71) of the first compression 
mechanism (31). On the other hand, the other refrigerant branch flow is drawn, through 
the second suction port (76), into the second compression chamber (72) of the second 
5 compression mechanism (32). 

[0063] As described above, in accordance with the present embodiment, 
in the refrigerant circuit (90) provided with the two condensers (91, 94) having different 
refrigerant condensation temperatures, the refrigerant is compressed by the single scroll 
compressor (10), thereby making it possible to provide simplification of the refirigeration 

1 0 apparatus configuration. 

[0064] EFFECTS OF FIRST EMBODIMENT 

In the refrigeration apparatus of the first embodiment which is provided with 
the refrigerant circuit (90) having two refrigerant circulating routes (plural refrigerant 
circulating routes) which differ from each other in refrigerant condensation temperature, 

15 the refi-igerant circuit (90) is activated by the single scroll compressor (10) having the two 
compression mechanisms (31, 32). And, since the first compression mechanism (31) and 
the second compression mechanism (32) differ from each other in compression ratio and 
displacement volume, this makes it possible to supply each refrigerant circulating route 
with refrigerant at a respective suitable pressure and at a respective suitable circulation 

20 amount. As a result, it becomes possible for the apparatus to efficiently operate with 
smaller loss. In addition, since only the single scroll compressor (10) is provided, this 
accomplishes install-space savings and the apparatus cost is also cut down. 
[0065] Furthermore, the first embodiment employs the scroll compressor (10) formed 
by the two-tiered compression mechanisms (31, 32), and this scroll compressor (10) is 

25 realized by the addition of only the second flat-plate part (52) provided with the second 
movable-side wrap (54), the second stationary-side member (46), the second suction port 
(76) and the second discharge port (75), to a conventional scroll compressor having, as a 
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compression mechanism, only the first compression mechanism (31), i.e., a scroll 
compressor in which the second flat-plate part (52) is not provided with the second 
movable-side wrap (54) and neither of the second stationary-side member (46), the second 
suction port (76), and the second discharge port (75) are provided. Accordingly, the share 
5 of component parts with the conventional scroll compressor becomes possible, thereby 
cutting down the cost. 

[0066] In addition, even if the compression ratio of either one of the routes is high and 

as a result the temperature of discharge gas becomes high, heat generated in the upper and 

lower compression chambers (71, 72) is transferred through the flat-plate part (52) 
1 0 positioned therebetween. This lessens the rise in temperature. Therefore, improvements 

in apparatus reliability are accomplished. 

[0067] SECOND EMBODIMENT OF INVENTION 

A second embodiment of the present invention is described. As shown in 

Figure 7, the second embodiment diJBfers from the first embodiment in configuration of the 
1 5 refrigerant circuit (90). The configuration of the scroll compressor (10) is the same as in 

the first embodiment. Accordingly, only the configuration of the refrigerant circuit (90) is 

described below. 

[0068] The refrigerant circuit (90) of the second embodiment is provided with two 
expansion valves (92, 95) and two evaporators (93, 96). In the refrigerant circuit (90), the 

20 temperature at which refrigerant evaporates in the second evaporator (96) is so set as to be 
lower than the temperature at which refrigerant evaporates in the first evaporator (93). 
[0069] In the refrigerant circuit (90), the first and second discharge ports (74, 75) of 
the scroll compressor (10) join and their junction is linked to one end of the condenser (91). 
The other end of the condenser (91) is divided into branches one of which is linked to the 

25 first expansion valve (92) and the other of which is linked to the second expansion valve 
(95). One end of the first evaporator (93) is linked to the first expansion valve (92) while 
the other end thereof is linked to the first sucfion port (73) of the scroll compressor (10). 
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One end of the second evaporator (96) is linked to the second expansion valve (95) while 
the other end thereof is linked to the second suction port (76) of the scroll compressor (10). 
[0070] In the scroll compressor (10), refrigerant compressed by the first compression 
mechanism (31) is discharged through the first discharge port (74) while on the other hand 
5 refrigerant compressed by the second compression mecheinism (32) is discharged through 
the second discharge port (75). The pressure of the refrigerant discharged through the 
first discharge port (74) and the pressure of the refrigerant discharged through the second 
discharge port (75) are the same. The refrigerant discharged through the first discharge 
port (74) and the refrigerant discharged through the second discharge port (75) condense in 
10 the condenser (91). After leaving the condenser (91), the flow of the condensed 
refrigerant is divided into two branch flows. 

[0071] One of the two refrigerant branch flows is pressure-reduced by the first 
expansion valve (92), evaporates in the first evaporator (93), and is drawn, through the first 
suction port (73), into the first compression chamber (71) of the first compression 

1 5 mechanism (31). Meanwhile, the other refrigerant branch flow is pressure-reduced in the 
second expansion valve (95), evaporates in the second evaporator (96), and is drawn, 
through the second suction port (76), into the second compression chamber (72) of the 
second compression mechanism (32). At that time, in the refrigerant circuit (90), the 
degree of opening of the second expansion valve (95) is set smaller than that of the first 

20 expansion valve (92), and the refrigerant evaporation pressure in the second evaporator 
(96) is set lower than that in the first evaporator (93). 

[0072] In the refrigeration apparatus of the second embodiment provided with the 
refrigerant circuit (90) having two refrigerant circulating routes (plural refrigerant 
circulating routes) which differ from each other in refrigerant evaporation temperature, the 
25 refrigerant circuit (90) is activated by the single scroll compressor (10) having the two 
compression mechanisms (31, 32). And, since the first compression mechanism (31) and 
the second compression mechanism (32) differ in compression ratio and displacement 
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volume, this makes it possible to supply each refrigerant circulating route with refrigerant 
at a respective suitable pressure and at a respective suitable circulation amount. As a 
result, it becomes possible for the apparatus to efficiently operate with smaller loss. In 
addition, since only the single scroll compressor (10) is provided, this accomplishes install- 
5 space savings and the apparatus cost is also cut down. 

[0073] VARIATION OF SECOND EMBODIMENT 

In the second embodiment, the refrigerant circuit (90) may be arranged as 
shown in Figure 8. 

[0074] The refrigerant circuit (90) of the present variation is also provided with two 
10 expansion valves (92, 95) and two evaporators (93, 96). In addition, like the example of 
Figure 7, the refrigerant evaporation temperature in the second evaporator (96) is set lower 
than that in the first evaporator (93). 

[0075] In the present variation, the first discharge port (74) of the scroll compressor 
(10) is linked to one end of the condenser (91). The other end of the condenser (91) is 

1 5 divided into two branches one of which is linked to the first expansion valve (92) and the 
other of which is linked to the second expansion valve (95). One end of the first 
evaporator (93) is linked to the first expansion valve (92) while the other end thereof is 
linked to the first suction port (73) of the scroll compressor (10). One end of the second 
evaporator (96) is linked to the second expansion valve (95) while the other end thereof is 

20 linked to the second suction port (76) of the scroll compressor (10). In addition, the 
second discharge port (75) of the scroll compressor (10) is linked to a suction pipe 
extending between the first evaporator (93) and the first suction port (73). 
[0076] In the present variation, for example 90% of the total amount of refrigerant 
circulation in tlie refrigerant circuit (90) flows through the first evaporator (93) and the rest 

25 (10%) flows through the second evaporator (96). 

[0077] In the scroll compressor (10), refrigerant compressed by the first compression 
mechanism (31) is discharged through the first discharge port (74) while on the other hand 
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refrigerant compressed by the second compression mechanism (32) is discharged through 
the second discharge port (75). The pressure of the refrigerant discharged through the 
first discharge port (74) is higher than the pressure of the refrigerant discharged through 
the second discharge port (75). The refrigerant discharged through the first discharge port 
5 (74) condenses in the condenser (91). After leaving the condenser (91), the flow of the 
condensed refrigerant is divided into two branch flows. 

[0078] One of the two refrigerant branch flows is pressure-reduced by the first 
expansion valve (92), evaporates in the first evaporator (93), and merges with the flow of 
the refrigerant discharged through the second discharge port (75). Thereafter, the merged 

1 0 refrigerant is drawn, through the first suction port (73), into the first compression chamber 
(71) of the first compression mechanism (31). Meanwhile, the other refrigerant branch 
flow, divided downstream of the condenser (91), is pressure-reduced by the second 
expansion valve (95), evaporates in the second evaporator (96), and is drawn, through the 
second suction port (76), into the second compression chamber (72) of the second 

1 5 compression mechanism (32). At that time, in the refrigerant circuit (90), the degree of 
opening of the second expansion valve (95) is set smaller than that of the first expansion 
valve (92), and the refrigerant evaporation pressure in the second evaporator (96) is set 
lower than that in the first evaporator (93). In addition, the refrigerant discharged through 
the second discharge port (75) is drawn, through the first suction port (73), into the first 

20 compression mechanism (31), in other words it undergoes two-stage compression. 

[0079] In the refirigeration apparatus of the variation of the second embodiment 
provided with the refrigerant circuit (90) having two refrigerant circulating routes (plural 
refrigerant circulating routes) which differ from each other in refrigerant evaporation 
temperature, the refrigerant circuit (90) is activated by the single scroll compressor (10) 

25 having the two compression mechanisms (31, 32). And, since the first compression 
mechanism (31) and the second compression mechanism (32) differ in compression ratio 
and displacement volume, this makes it possible to supply each refrigerant circulating 
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route with refrigerant at a respective suitable pressure and at a respective suitable 
circulation amount. As a result, it becomes possible for the apparatus to efficiently 
operate with smaller loss. In addition, since only the single scroll compressor (10) is 
provided, this accomplishes install-space savings and the apparatus cost is also cut down. 
5 [0080] Additionally, for the case of the example of Figure 7, when the difference 
between the first evaporation temperature and the second evaporation temperature is 
substantial (for example, when the refrigerant circuit (90) is applied to a cold 
storage/frozen storage mode of operation or to an air-conditioning/frozen storage mode of 
operation), the required compression ratio of the second compression mechanism (32) 

10 increases. Consequently, the amount of refrigerant leakage is liable to increase. In 
addition, the discharge temperature is liable to become excessively high. However, the 
variation of Figure 8 employs two-stage compression, so that the second compression 
mechanism (32) is no longer required to operate at excessively great compression ratios. 
Consequently, the amount of refrigerant leakage is held low. Besides, an excessive rise in 

1 5 temperature is also suppressed by mixing of discharge gas from the second compression 
mechanism (32) and suction gas to the first compression mechanism (31). In addition, if 
the discharge temperature of the second compression mechanism (32) rises to excessive 
levels, this contributes to the degradation of refrigerant gas and lubrication oil. However, 
such a problem can be avoided. 

20 [0081] On the other hand, the required compression ratio of the second compression 
mechanism (32) does not become too high, when the difference between the first 
evaporation temperature and the second evaporation temperature is small. If two-stage 
compression is employed as shown in Figure 8, the discharge loss becomes a problem. 
To cope with such a case, the configuration of Figure 7 may be employed. 

25 [0082] Therefore, the refrigerant circuit (90) may be configured, such that it becomes 
switchable between the circuit of Figure 7 and the circuit of Figure 8, as shown in Figure 9. 
In this example, in the refrigerant circuit (90) of Figure 8, a three-way switching valve (97) 
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is disposed short of the junction of a discharge pipe linked to the second discharge port 
(75) with a suction pipe extending between the first evaporator (93) and the first suction 
port (73). The three-way switching valve (97) is linked to a discharge pipe in connection 
with the first discharge port (74). 
5 [0083] As a result of such arrangement, switching between the refrigerant circuit (90) 
of Figure 7 and the refrigerant circuit (90) of Figure 8 is made adequately for the operation 
of the apparatus. Operations according to the operational status of the refrigerant circuit 
are performed. 

[0084] THIRD EMBODIMENT OF INVENTION 

10 A third embodiment of the present invention is described. The scroll 

compressor (10) of the third embodiment is an example which differs in configuration of 
the main mechanism (30) firom the first and second embodiments. 

[0085] A main mechanism (30) of the third embodiment includes an orbiting scroll 
(50) of a so-called double-toothed type. As shown in Figure 10, the orbiting scroll (50) 

1 5 has a single flat-plate part (55), a first movable-side wrap (53) formed in the lower surface 
of the flat-plate part (55), and a second movable-side wrap (54) formed in the upper 
surface of the flat-plate part (55). A bearing part (64) is fornied in the lower surface of 
the flat-plate part (55) of the orbiting scroll (50). An eccentric part (21) of a drive shaft 
(20) is inserted into the bearing part (64). 

20 [0086] A fixed scroll (40) includes a first stationary-side member (41) firmly attached 
to a casing (11) at a position below the orbiting scroll (50), and a second stationary-side 
member (46) firmly attached to the upper surface of the first stationary-side member (41). 
A first stationary-side wrap (42) with which the first movable-side wrap (53) is brought 
into engagement is formed in the first stationary-side member (41). A second stationary- 

25 side wrap (47) with which the second movable-side wrap (54) is brought into engagement 
is formed in the second stationary-side member (46). The first stationary-side member 
(41) and the orbiting scroll (50) together forai a first compression chamber (71) of a first 
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compression mechanism (31). The second stationary-side member (46) and the orbiting 
scroll (50) together form a second compression chamber (72) of a second compression 
mechanism (32). The first compression mechanism (31) and the second compression 
mechanism (32) differ in compression ratio and displacement volume, as in the first and 
5 second embodiments. 

[0087] Mounted between the second stationary-side member (46) and the orbiting 
scroll (50) is an Oldham ring (39) for preventing the orbiting scroll (50) from rotating. In 
addition, the first stationary-side member (41) has a main bearing (34) and the drive shaft 
(20) is rotatably supported by the main bearing (34). 

10 [0088] In the inside of the casing (11), a partition plate (85) is fixedly disposed 
immediately above the main mechanism (30). An upper end (86) of the second 
stationary-side member (46) is inserted into the partition plate (85). An 0-ring (87) is 
mounted around the upper end (86) in the partition plate (85). The O-ring (87) provides 
sealing between spaces defined above and below the partition plate (85). In addition, an 

1 5 O-ring (88) is mounted around the outer peripheral surface of the second stationary-side 
member (46). The O-ring (88) provides sealing between spaces defined above and below 
the second stationary-side member (46). 

[0089] The casing (11) is provided with a first suction port (73) in communication 
with the first compression chamber (71) through the first stationary-side member (41), and 

20 a second suction port (76) in communication with the second compression chamber (72) 
through the second stationary-side member (46). Additionally, the casing (11) is provided 
with a first discharge port (74) through which refrigerant flowing out to the space below 
the first stationary-side member (41) through the first compression chamber (71) and then 
through the first discharge opening (63) is discharged, and a second discharge port (75) 

25 through which refrigerant flowing out to the space above the partition plate (85) through 
the second compression chamber (72) and then through the second discharge opening (66) 
is discharged. 
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[0090] Other configurations are almost the same as each of the above-described 
embodiments, and their description is omitted accordingly. The same reference numerals 
as the first and second embodiments indicate the same structural members as the first and 
second embodiments. 

5 [0091] Although diagrammatical representation of a refrigerant circuit employing the 
scroll compressor (10) of the present embodiment is omitted, it is applicable to the 
refrigerant circuit (90) with the two condensers (91, 94) differing in refrigerant 
condensation temperature in the first embodiment (Figure 6) and to the refrigerant circuit 
(90) with the two evaporators (93, 96) differing in refrigerant evaporation temperature in 

1 0 the second embodiment (Figures 7 through 9). 

[0092] And, also in the third embodiment, the refrigerant circuit (90) is activated by 
the single scroll compressor (10) having the two compression mechanisms (31, 32) in the 
refrigeration apparatus provided with the refrigerant circuit (90) having two refrigerant 
circulating routes (plural refrigerant circulating routes) differing in refrigerant 

1 5 condensation temperature and/or refrigerant evaporation temperature. And, since the first 
compression mechanism (31) and the second compression mechanism (32) differ in 
compression ratio and displacement volume, this makes it possible to supply each 
refrigerant circulating route with refrigerant at a respective suitable pressure and at a 
respective suitable circulation amount. As a result, it becomes possible for the apparatus 

20 to efficiently operate with smaller loss. In addition, since only the single scroll 
compressor (10) is provided, this accomplishes install-space savings and the apparatus cost 
is also cut down. 

[0093] Furthermore, in accordance with the third embodiment, it employs the orbiting 
scroll (50) having the first movable-side wrap (53) formed in a standing manner on one 
25 surface of the flat-plate part (55) and the second movable-side wrap (54) fonned in a 
standing manner on the other surface of the flat-plate part (55). As a result of such 
arrangement, the number of component parts is reduced and the cost can be cut down. In 
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addition, thrust loads act above and blow the flat-plate part (55) of the orbiting scroll (50), 
but they act in opposite directions. Therefore, in comparison with conventional scroll 
compressors having a movable wrap on only one side, thrust bearing loss is lessened and 
the efficiency is high. 

5 [0094] In addition, even if the compression ratio of either one of the routes is high and 
as a result the temperature of discharge gas becomes high, heat generated in the upper and 
lower compression chambers (71, 72) is transferred through the flat-plate part (52) 
positioned therebetween. This lessens the rise in temperature. Therefore, improvements 
in apparatus reliability is accomplished. 
1 0 [0095] OTHER EMBODIMENTS 

The present invention may be configured as follows with respect to the above- 
described embodiments. 

[0096] For exemiple, in each of the above-described embodiments, the description has 
been made in terms of a scroll compressor having two compression mechanisms (31, 32) in 
15 the inside of the single casing. Altematively, the present invention is applicable to 
displacement compressors other than the scroll compressors. 

[0097] hi addition, with respect to the configuration in which the two scroll-type 
compression mechanism (31, 32) are provided in the inside of the single casing (11), each 
of the above-described embodiments are only examples. Adequate modifications may be 
20 made. 

[0098] Furthermore, the present invention is applicable to cases wherein, in a 
refrigerant circuit provided with three or more refrigerant circulating routes having their 
respective refrigerant condensation temperatures and refrigerant condensation temperatures, 
two of the three or more refrigerant circulating routes are activated. In addition, in the 
25 above-described embodiments, the description has been made in terms of an example in 
which the present invention is applied to a refrigerant circuit provided with two refrigerant 
circulating routes having the same refrigerant condensation or evaporation temperature. 
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Alternatively, the present invention is applicable to a refrigerant circuit provided with two 
refrigerant circulating routes differing in refrigerant condensation temperature as well as in 
refrigerant evaporation temperature (i.e., a refrigerant circuit in which the entrance and exit 
sides of the first and second compression mechanisms (31, 32) have their respective 
5 differing pressures (temperatures)). 

[0099] Additionally, the two compression mechanisms (31, 32) which are disposed 
within the single casing (11) do not necessarily have different compression ratios or 
different displacement volumes, and it may be so designed as to cope with the difference in 
refrigerant evaporation temperature by control by means of an expansion valve or the like. 

1 0 INDUSTRIAL APPLICABILITY 

[0100] As has been described above, the present invention is usefully applicable to a 
refrigeration apparatus provided with a refrigerant circuit having a plurality of refrigerant 
circulating routes and capable of operation in a mode where the refrigerant circulating 
routes differ from each other in refrigerant evaporation temperature and/or refrigerant 

1 5 condensation temperature. 



